Abstract In this study, it was studies the utilization of LIT(lock-in infrared thermography) which can detect defects in welded parts of ship and offshore structures. Quantitative analysis was used through methods of filtering and texture measurement of image processing techniques to find the optimized experimental condition. We verified reliability in our methods by applying image processing techniques in order to normalize evaluations of comparative images that show phase difference. In addition, low to mid exposure showed good results whereas high exposure did not provide significant results in regards to intensity of light exposure on surface. Lock-in frequency was satisfactory around 0.1 Hz regardless of intensity of light source we had. In addition, having the integration time of thermography camera inversely proportional to intensity of exposed light source during the experiment allowed good outcome of results.
Introduction
Infrared is a name given to electromagnetic waves with wavelengths longer than the ones of visible rays but shorter than the ones of microwaves which is not visible to our eyes but possesses properties with strong thermal effects as shown in Fig. 1 . This is because according to Stefan-Boltzmann's Law, infrared energy emitted from matter is proportional to the fourth power of absolute temperature of the matter.
However, infrared has short effective distance because it is scattered and absorbed by moisture and carbon dioxide since infrared is similar to unique oscillation frequency of atmospheric matters. Its usage has been restricted until recently since development of its detector has been difficult due to low wave band.
Recently, development of infrared sensors has become more active and less costly so it has begun to be applied in many fields thanks to breakthrough development in semiconductor production technology.
For commercial usage, temperature difference of steady-state is imaged so such utilization is referred to as traditional steady-state thermography [1, 2] .
Moreover, LIT which utilizes active optical excitation is known to be unaffected by noise such as reflections from surrounding environment. Accordingly, satisfying nondestructive defect detection can be expected by applying LIT in shipbuilding and marine engineering industries where it is complex with many environmental noises.
In this study optimized experimental condition for utilization of LIT technique which can detect defects in welded parts of Ship and Offshore structures was examined.
For methods of experiment, 3 types of factors were selected which are capable of control according to experiments design by using previously developed standard test specimen and also characteristic value (dependent variable) was quantitatively analyzed through image filtering and texture inspection methods of image processing technique [3] [4] [5] .
Lock-in Infrared Thermography Technique
LIT technique which uses dynamic thermography is a method for observing changes to phase, amplification and more by processing response signal of target object upon emission of stimulant on to the target object in harmonic function. Equation (1) express 1-dimensional heat trans-fer equation within solids. Here, T stands for temperature, t for time, k for coefficient of thermal conductivity, ρ for density, cp for specific heat and x for direction of thermal flow. When optical excitation by halogen lamp becomes the external stimulant in harmonic function(T=Tocoswt), LIT method could derect the inside defects of solids presented by observing changes to heat source that diffused into target object [1, [6] [7] [8] .
Solution for equation (1) that is heated with harmonic function maybe expressed as equation (2) . However, all images are in the end merged together into basic images (S1, S2, S3 and S4) due to sine wave modulation.
Subsequently, phase angle and amplification value of these merged images are obtained from equation (3) and (4) above. Because equation above calculates the differences between (S1 and S3) and (S2 and S4), effects of noise due to uneven emission of optical excitation in Lock-in, surface emissivity and reflection due to surrounding environment can be rejected [5] . 
Research Method

Configuration of Experiment Devices
The Fig. 3 is shows the system of LIT measuring devices by appropriately combining series of equipments.
Lock-in Infrared Thermography detecting device through light amplification oscillating device of halogen lamp is comprised of light emitting equipment, lock-in control device, thermography camera and test specimen [6, 7] .
For safe conduct, test equipments were set up on aluminum plate color coated in black and effects of disturbances were tried to be minimized by performing the experiment in cleanly closed laboratory.
For heat source of LIT technique, we used 2 halogen lamps (1 kW×2ea) and study results
showed that intensity of heat source was sufficient. For infrared camera, far-infrared MCT FPA infrared camera was used, which has best performance with regards to heat resolution in shortest integration time [1] .
Accordingly, cooling type equipment of extremely low temperature (JADE LWIR MCT Camera and related sub-parts) was used for infrared camera, which is the core equipment in configuration of LIT system. Lastly, aluminum alloy and carbon steel standard test pieces were used as specimens, which are widely used in mechanical fields including shipbuilding and marine technology fields in general as well.
Aluminum alloy (Al6061-T6) defective test specimen was used in the experiment by applying standard test piece which has been designed for defect detection through having holes drilled into the back of 180 mm square test piece as shown in Fig. 4(a) . Carbon steel (SM45C) defective test specimen as well had holes drilled in the back of standard 180 mm square test piece as shown in Fig. 4(b) .
Both test specimens were painted with black colored paint and varnish to increase heat radiation rate. 
Equation (6) pertains to variance. This is a scale for brightness contrast which can be used for deciding descriptors of relative softness.
If the contrast of defective area from comparative images that show phase difference is great, quantification would be made possible due to increased dispersion of histogram.
Test Results and Analysis
We conducted optimized experimenting stages were compared to allow judgment by naked eyes with quantified results that had undergone image processing [10] . In experiment using aluminum specimens, results showed similar tendencies as experiment using standard table. Regarding integration time factor of infrared camera, attaching filter for detection of high temperature produced bad results in all conditions. However, for relationship with light emission intensity, reciprocal interaction occurred in two specimens so significant results could not be obtained.
Conclusion
In order to obtain optimized phase comparative images of defective regions through lock-in infrared thermography, we selected test factors and conducted exploratory research according to experiments design in coming up with the following conclusion. 
